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: This volume which forms the second part of the final report discusses the

mechanical design of the SatelliteCommand Antenna Arrays;Model 071-0Z4,,
serial numbers 1 through 4. These antennas were delivered under Contract

_ NAS5-314Z. The fourmajor areas to be treatedin thisreportare,

Item _ . .. Des___._j__t._D.

I 3.0 Maximum driving torque

Z 4.0 Maxtmumoverturn moment• ,.
3 5.:0 Structural integrity
4 6.0 Deflection and natural frequency

Items 1 and Z were evaluated to insure that the array and pedestal were
compatible. = The investigation of Item 3 was required to minimize the possibility

of any mechanical failures. Item 4 consists of two parts which are evaluated te-

l' gether. The deflection of the major components m,u_t be determined to insure that

] they are not of such a magnitude asto cause the system to be inoperative. Thelowest natura!_frequency of the antenna must be examined to de,ermine that it is

t .out of th e range_'of any expected osciDattng live loads. The lowest natural
._ frequency must be sufficientlyhigh so thatitwillnot be excitedby the serve drive

'_ Of the pedestal system. Ifenergy is Coupled intothe system at itsnaturalfrequency
a resonant mode may increasethe stresseswithinthe structureto a point

" sufficientto produce failure.

The reportwilldiscuss each of the above llstedareas in the orderin which

they appear. However, before these calculations are discussed the defining con-
dltlonswillbe listed. These conditionsare described in SectionZ.0 which also

containsa listof the symbols used in thlsreport. .j

Section 7.0, the concluding sectionc.f._hereport,will summarize the re- ./....

sultso:[the computations in Sections 3,-0through 6.'0. ,_UT/¢d_ ......'

:2 -.
],

This section of the report outlines _he c0ndifions constants and '_ymbols :°:
used in the calculations of all the following sections. All factors ar,_refetenc_d
to the Y axis (Figure 1) of the driving pedestal, " :

,. The following are. the design _goals and assumptions uSed Sn:,estabiishing
design criteria ..... _ '_

I '' 1 ) Maximum acceleration-i 5 degrees/sec/sec '_ ' ' ':'_ '_

/

v •

| u ,

, ( .] ,_ ,., ¢.. ._
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Z), Maximum deceleration - 150 degrees/sec/sec
. 31. Maximum-radial ice load, operational - 1/4 inch °.i_

4) Maximumradial ice load, Stowed - 1/Z inch __
- q

5) Maximum angular ve_ocity - negligible . ,_
6) Maximum wind velocity, operational _ 45 mph -:

_,_ " 7} Maximum wind velocity, stowed - 100 mph _,
._ 8) Stowed position- zenith -_

9) Maximum available torque - 25,?000 feet - pounds ;"
10} Minimum natural frequency, operational - 9 cps, -,

The following constants are used for the dcmputations in this report;
i, %

i_ : Iee density o. : ......... 0. 0324 Ibso/cu. in.
• ' .. Wind pressure , ,:.

_: 45 mph ........ ..... 0.0356 ibs./sq, in.

_ : : 100 mph .......;...... 0-.178 ibs./sq, in. 'I)
.;: The materialpropertiesusedar_ those contalned'inthe "Alcoa StructuralHandbook", :

!: published by the Aluminum Company ofAmerica, Pittsburgh,Pennsylvania'. ,, .}
%

' 3o 0 _ D.R!VING _ ,, '

5' ' This section 6f the report discusses ,the driving torque required to operate :

the array under the conditions covered in Seciion Z.O. By assuming all factors to :
• be maximum (worst case) the maximum required torque is obtained. Inspe_tiQn of _
: Figure Z shows that itis only r_eicessary to investigate the torque between the 0

:; and 90 degrees e.levation limits.

" The equation below may be used to 'determine the torque required to drive ;
the antenna. , '_ '

! ,- 2_T = la. (11 ,¢._ _..

This exPression,e_sta llsn s the relationship betv_eeh the resaltant torque, moment ' _,<

of tnertia_and angular ac_,eleration,- The resuRant torque in/he present example ...."

L is that due to the unbal_anoed array weight, the unbalanced weight of the ice load, ,
'_ tFreWind pressureand _he drlvlngtorque, Thus, equation 11)may be expresseti " 4: =".
i_, .... in ah extended form as ' "" ..... _;(_

; '"_'I'= ,T- r (Wsys) - r'(W ice)- r" F - la '(Z)" ; "-_

_" _15 '"AlcoaStruoturalHandbook", published by the Aluminum Company o ,- ,.-_.._.
Amerlca, 1_Ittsburgh,Pennsylvania, ,....._ _. ._

. - o I

.... -- _, ._,.'_:<,

° $
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-where T is the driving torque, W is the weight, r iS the respective moment arm
and F is the force of the wind, All of the above items can be determined except T

whlchis the desired unknown. Equation (Z)may now be rearrangedto the _ormat: _

T = r (Wsyst) % r'(W ice)+ r" F + Ia (3)

):1 This expression indicates that the total driving torque is the sum of the torques for ;

iii]-, each individualcontributing factor. Thus, the follbwing four sections will treat each
factor separately. Section 3.5 will evaluate the total effect,

_ This section discusses, the first term of equation (3) which-is the torque due._:. .-- -

_ to the array not being mounted at its center.of gravity. ,_

Inspection of Figure. _. will indicate that _he torque produced-by the offset
. weight is a function of the elevation angle, _ (ie: the moment arm will vary with the

elevation angle). The weight torque can be expressed as
:.<

Zd ,j

_ r (Wsys) cos e (4),
,i
:i
! where @ is the angle the moment arm makes with the horizontal. Examination of
', Figure 1 will show that the center of gravity will be located along the bore_ight axis

since this is an axis of symmetry. Thus the angle e is equal to _ and, r is the dis-2

! tanoes _rom the y axis to the center of g_avity measured along the boresight axis:

,_ Equation (4)%hus becomes; .. ,.,

u

1 r (Wsys) cos _. _. (S) :" _...

, If the above expression i_s used in conjunction with Table A then Equation (5) may, be =;
altered to read _, ,....

il "'
,_ _ 15,566 cos _ foot pounds. )(61. _..

>:'2,

The objectof thks_ectlonis to di_ou_ the second term of Equ_tg_ (3)which
representsthe offset4oadingcaused by the I/4-1noh radialicing, The ice load will
vary in the same manner as the system weight load, Th_ total Wef_N#_a.nd the center

t _ ,j j
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,,; of gravity must be calculated. These parameters may be computed by. considering _ '_

,, each typical component and combining the results to obtain the totalloading, Table -_
' B detail's the ice load (per inch) for va_tcus shapes, This table will be used to -_

_ determine the weight of the ice in the:_ystem. Sections 3. Z, 1 through Section !

: 3.Z. 5 discuss the ice loading effect on each major component while Section 3.Z, 6 ..
.'- discusses the resultant total torque due to ice loading. ;_

.,,. " 3, ?,. 1 Mast (F_tg_r_e 3_ ..;

-_ The center of gravity and welgh_ of tl_eice load on a typical maserarc de- '_

: term!ned by summing the-effects of the ;individualcomponents that make up the _(

": mast. The follow,ingtabulation presents the ca_,culatedweigllts and the location '_

of the center of gravity (from the base, of the mast) Of the various_elemeni_. - :!

Ifi_e___ _h2 (b_.) " r_ (in_) ,Momer£!.(i_nIbs. )' :_

=/_ End cap 0.i0 Z30 " Z3

", " 3..5"tubing.' 6.46 196 IZ66

4 3.5!'-4.5'iJoint 0.06 16Z-, i0 '-
_' 4, 5" tubing : 12.15 J,IZ 1360
'4

4. 5_'-6.0" j.oint 0, II , 61 .7

- 6.0" tubing 9.50 31 _ g_

'i Dipoles 5, 51' ZZ = , 121'

! Flange .46 ,, 75 1
.... Disks 3_4_0 _ 1 30 __ab.J0_2

._. 7Z. 65 NA. 8184

4

! ' The total weight of the ,icelohd on one m_stis thus 72, 65 pounds, The

effective center of gravity is determ!ned by the moment equation

r = DM , or , _ llZ. Sin. (7)
_W 7Z, 6 5 , " " . .,_

' ' SlAte the moment arm mast be relativeto the Y_ axis, the displacement ' :.:.!I_
of the mast base ,must be added to Eq'uatlon(7)and _he _" "_ ,,, .; " _esu,,.., _xpre_sed J,n feet,, :_,

Results: ....
, ,, ,, ,

,P

•' ,, "W = 7Z, 65 Ibs, _ 73 Ibs,,, :,, -.....

r --13, 7 ft. ', , .:'

3, Z.Z ' ,' .... , ,

' The _proosdure.of Section 3. Z, I_Wa_ ,_sed _o'comp_,_,e f_e moments for the r i '' _'_,

',. '7 , ..).,(,;. % '. ,, .. ,

, , ,J

'" ' "'..,-..uJ ,,_,_.-_-_._ ,_.."1 " _ '; ' "_ :'-\,._- _.... ', - "_"" ")¢;)'- '" ':'_"..... "....
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cavity m_mbers; 'I_eir moments are listed below,
'r

Item ' Wet__..@!q_ht(1.bs.) _ MomentS. ).: _. _

Large dia. rings (3) 7, 68 16.59 lZT. 0 :
, - Small die, ring I.48 Z.75 4.I

1/Z y I/Z angle ring 4.85 44,Z5 Z14_3 9
I Vertlcalbrace Z4.80 17.20 4Z6, 0 _'

Horizontalbrace _ 13.75 . Z8 0 _
Totals 59.21 NA 799.4 - %_

A

The total, weight of :the ice load is thus 59. Zl pounds and the center of gravity, ,'_'
relative to the cavity base_ is :-_

°7_9.4 ,: 13, Sin..

59. _! i.

_ The location of the center of graviW of the ice load expressed in feet and referenced i_.
to the Y axJ.s is then 5, 4 feet,

(,

Results: "

, " W = 59.ZI 1bs9_59 ibs.• , '_
z

r :: ft.

3, z,3 stm  _(Fi u .e. 2)..... ,.

: The weight of.the ice on the structure was determined by calculating the
lengths of the various types of strut_rural materials used and multtl_lying thisoby _"
the appropriate weight per length data pres'ented in Table-B. The center of gravity i

of'the ice load on the structure is assurr,e_ to be the same as that of the structure, _
0r.3.4 feet, '/he following tabulation presents the data used to oaloulate the weight
ofthe ice on the structure,

i-I/Z x i-I/Z angle 4698 ,057 Z67.5
2 x 2 _nqle 403I ,073 294.0 ,..

4 X_4 angle _ 768 .138 l{;i_0 _ ..
.... Z" die,_ rod 115 ., 057 6, 6

I beam.. 197 , IZ5 Z4, 6 ....
Channel _ 1_34' ' ,10'3 13.8 _ '

Mast mtg. plate 9 5.31 _ ;
Total 760.3 _ °

u
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TABLE B '

Ice Loads per inch (ice density = . 0324 lbs/in. 3)

_ D_ lbs/tn, t =1/4"

a) ,25 0127 .,

D 2_ 0 05 71 _"
' 3.5 0951

i wt 4.5 .1205 ,,
' ' 7- =_tt(D+t) p =: ' 6.0 1585

6.5 171o _:
9.0 234 !_

b O.5 .024
1.5 .057 .. ,-

w_

._--_ = 4 (t z + tb} p _ ,,
e

i: b

a b d _,

c) 3 1.6 .356 .1-03

,9

0 /"

a b o

d') " 3 Z 4 35 125' .,

'' ......... 1'2-

" 9
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Results:

: _ ' W = 760 lbs.
r = 3.4ft. o

; 3. Z. 4 Switch Bo_._x(Fi_e 6)
\

, The ice load on the switch box was calculated,, by assuming all sides of
the box, except the bottom, ._-tobe covered with 1/4 ice. The ioe._ load on the under -"

. side Is neglected since it rests on the structure.

Results:
.... ' " W = 11 lbs.
" r ='4.4 ft. ,, ',

' 3.Z.5 Power_ (FikL_. 6)

The power dividers, con sis%ing of two packages of four elements, is

shown in Figure 6(b). The weight of the ice load for one elemenlL is calculated
to be 4. 34 pounds. Thus, each package has a total ice load Of 17.36 pounds.
The center of gravity of the ice load is donsidered to be the same as that of the "

• power dividers, or 4.4 feet from the y axis.

Results: "

W = 17 ibs.
,j

r = 4.4 ft.

3,Z.6 TotalE.ffeotOf I_/41c._q_IoeL_!_ _ .

- The results_ofL,,_"omputatlons,inSections3,2,I _hrough 3.Z.5 are

' _ summa rlzedbelow, The resultanttorque_s obtainedby summing the mpments due ,
' to the toe loads on each component, .: :' -/_--

W (ibs.)ea. 73. o S9 760 II., 17 ' - -:
¢.ql.(ft.)ea, 13.7 5.4 3.4 4.4 4.4 .. -

M (ft;:-Ibs.)ea.I000 318 1580 48 , 75 -

W total 6S7 "53i 760. 11 3_ -: 1993
M total. 9000 1861 ZS80 - . -48 ' 1-._0 14640 , ,:: .*.i.

• ,, J . ,_ ',_
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Figura 6. witch,Box,ridPower Divider
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Thus, the second term of Equation (3) is expressed in the general-form -,

14640 cos ff ft. lbs. (7)

This section of the report will d_scuss the torque required to overcome the
moment caused by wind ._,oading. The wind loading represents the third term of
Equation (3). SinCe wind loading is a ftmctte,_,:_,f 6ross sectional areal the following
calculations are based on,,an ice loaded system.;i

-The basic formula used to caiculate the wind leading torque is, ,,

'T = PArC, ,_ (8)

where P is the pressure _xerfed by a 45 mph wlnd_ k is t}lea_ea projected into

the wind, r is themoment arm_rom the y axis to the Center of pressure and C
is the shape factor.

.j

AS with the previous weight torques the wind moment arm, r, varies With

the elevation angle and the center of pressure is considered tO act along the bore-

slght"axis. In this case the resultant wind' force iS horizontal. Therefore the

moment arm will vary as the sine of the elevation angle,:,Thus •Equation (8) becomes

T = Px,Axr sin _xC " _(9)

The projected area and shape ` factor will also vary with the elevation angle. To
allow for this variation the total effect is considered to be the sum of two separate

forces. These forces, a_'e the. forces which act on the area projected into the wind .at

0 degrees elevationand thearea projectedat 90 degrees elevation(These forces _
are thenconslderedto vary resp@ctively as the coslnean@_sine of the elevation _

angle. Thus, Equation (9)becomes ,, : _ :
d£ --

" " _ _ =P(A'C' r'_sinffcos _ +A"C"_"sinz ¢) (.10) _ i

> ,where A,, C and r are the factors for the respective end conditions of elevattoni_, _' "" '' . !'
ang.le .(0degrees ('): 90 degrees (")). The wind loading on the _structure l_.,._'S_._med .- I

to be condition B as shown in Figure 1. Thfs is tl_e, woi's t case. i." .. ,,

The ,folloWing table presents _he oatcUlated._'esu_lts for the.v.ario.-u_ com,- :
ponents based on the Shape factors outlined in Table C. • "

J' ,1_ ,<.h ' _,
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,. TABL_EC

Shape Factors for Wind Loading
t

_ c'-0o c"- 90° ,. Rem.rk_,_ !'
Mast tubing N,A. 1 Reynolds number.- 10 5 °

Disks 1 1 Reynolds number - 10 5 l

Cavity rods 1 1 Reynolds number - 105 1

1/2 x 1/2 angle 2.0 1.6_ Aspectratios32and 90 of 11" Gussets t. 4 1.4 Aspect ratio' of 20

Switch box N.A. 1.17 Aspect ratio of 3 ]i
Truss Z. 0 Z,. 0 Various approaches

, Yielded 1.76 to

Z. 0 - maximum

_' condition selected,

t- -,
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C It_/_e.t_. Mast _ Structure Sv_Itch Box Tota_J_.l

• Force (Ibs,) ca, 5Z 10Z 444 "9 - "

,_ Qty. 9 9 I I -

Force (Ibs.) total 468 9_8 444 9 -

,, " Center of pressure
(ft.) 13.4 5.4-, , "3.Z 4.4 - -,

Torque (ft.-Ibs.) 6Z70 .' 4950 14Z0 40 12680

,0"= 0°

Item Mas___t Cavity ,.S.tructur,e To'!a.al
c

Force, ea. 84 45 600 _ - *_
Qty. _ 9 9 1 -
Force, total 756 .- 405 600 -

Center of pressure l& Z 6.3 3.Z .-

Torque I0,730 2550 i 9ZO,., 15Z00
P

Equation (I0) may now be implemented to read

,p,

T,= 15200 sin 9 cos ,._+ IZ680 sln z _. 'J(]l)

'. *b ©

3.4 Acceleration ,Requirement -,

This section discusses the final term of Equation (3);the torque required
to accelerate the antenna system', The acceleration torque is a function of the

moment of Inertiaand the desired acceleratiOno ,JJ

The desired adceleratlon/ as listed In Seot'lonZl0_ Is 15 degrees/sec/sec.- _

This accelerate,onis equivalent to 0.Z62 radlans/sec/sec. } _ " .

The moment of inertia'Is determined on a component basis. _lis is "_ .'--_,_2!
accomplished by'ca.lculatlngthe m6ment of _inel/iaof each ,component about Its , "' [ ..... ' --

'* '_center of gra¢tt7 and the_ transposing to the y, axis using _he paraUel axis fol"mula ._
,.1 q} - '_.* 2- c %

• -o . (rzW ;I7 = L _ "_"
. 32 . *

..... Atthough4hepartsconsidered_6onslstoficeand aluminumthe¥,ai_et_lSted,'as'
q _ , "' u_ , ' ,'-, J

hbmogenec_,us..The weightsand ,center_of'gravit7arethus,thos_Oft_e,_oe .
loaded__...,,____,__nm_nnnn_". _ _ " , ' _Q

'2 .? ' ¢ -ffj u , _i.kJ P

a
u '/ / , I
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The following tabulation presents the calculated results for the various
components of the antenna-system,

- r2 IyIo Mass

( (Slug-ft.z ) (Slug.-ft.2)

Mast 161 5.25 148 3 2790
Masi: 161 5.25 220 2 2616
Mast 161 5.25; 276 Z 3204 '_'
Mast 161 5,25 : 167 2 2051• &
Cavity 14.2 3,03 26 3 240 _

f..

Cavity = 14.2 3.03 , 98 2 594 _:-

, Cavity 14.2 : 3.03 154 ,2 934
Cavity 14,2 3,03 44 2 268 "
Truss 9.0 19.7 I,I.5 I 237

7

" Truss" 705 19.7- 13.4 Z 1938

Power dividers 0 I,4 19,3. 2 55 :,
Switch box" 0 I. 6 ' 19.3 ,_ t 3'1

_- Total 14958 (S].ug- _*
: ,ft.2) -

The four different values for r 2 in the above calculations fo_ the.masts
and cavities, are a direct result of their different offset from the y axis. The values
for the trusses are based on 9ne un[.t being parallel to the y axis and two units " [
inclined at 60 degrees, Each truss un!twas considered to consist of one short and
one, long truss and one-third the weight of the hub. :*"

Using the above calculationsthe torquerequiredforaccelerationmay now
be expressed as

c

_" T = la = 14958 x O,262 = 3920 ft.-Ibs. (13) _,o

%

Equation(3)may now be fullyimplemented to read

• < ? _..

T =,_15566"Cos _ + 14640 COS_ + I_200 sin _ cos _ , _.

,: _ + l2680sln2 _ +'3920' _ '-(14) .,_,

This e_:presses, the required driving torque as a functior_ of the eleva'tion angle }'

._ for an acceleraf!on b,f_ 15 degrees/sec/sec and for 1/4 inch radial tc_ loading, _ '

u '_' % , u _-',

b.: , ,, - , - ",

{4,
_> . ,J ,¢

.- '" -'1S-

It
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._ Figure 7 is a plot of the,torque as a function-of the elevation angle. The
• maximum torque is 401'000 foot pounds and occurs at _ = 39 degrees,

4, 0 OVERTURN,MO___MP,N__ZT,_OWED

• The object of,thi_ section is to compute the_overturn moment about 'the

y axis when the antenna system is irt the stowed condition. One-half inch ice
" loading and a wind velocity of one hundred miles per hour is assumed,

11 In the stowed position the on1¥ force tending to over'turn the array is the
wind. Therefore, it is onlynecessary to perform calculations similar to those Of
Section 3.3 for _ equal 90 degrees but comperisation must 'be included for the in-

" creased area caused by the greater ice load and for the increased pressure caused
_oi' by the higher wind velocity.-- The following Summary presents the calculated data

_,, for the three major components of the antenna system; : ,

" Ite___mm Mas..__t Caq_ay/!y. Structure Total "
&

-Force (Ibs.) ea. 318 ] 657 Z_O0 - .,,

_"o Center of pressure _
(ft.)ea. IZ. 85" 5.Z 3. Z . -

Moment (ft.-Ibs. )ca. 4080 3420 " 8640 -

' Qty. 9 9 l -
Total force 36720 30800 8640 76',160 '

1 Thus, the to_al overtu_'nmoment in the stowed condition is 76, 160 ft.-Ibs.
I

i s.0 S$RESSANALYSIS ..
1 ' This section conta['ns the computations which define the maximum stresses
I in the major components of the system. The values used in.the calculations are _i
:i for the most _severe conditions of Section Z. 0. A deceleration of 1 50 degrees/_ec/
;i sac isassumed as an operationalcondition.- ._ ' .,!

I 'inordertodeterminewhether.themaximum stressiswithina.safelimi__....., ,;i
.i fora particularelement,itiscomparedtotheal,lowablestressby theformg_ .'_:-:: ""
t "

! ,., .i.Al!owable:$tress.= 8.F., _,(IS)
' Maximum StreSs,

_:. where.&F, isthe.,resultlngsafetyfactor.The allowablestre_se_!use_,inthe ' _i
followingcaloulatlonsare 13 klps/sq,in,,,foraluminumpartsan_)ZO g_ps/sq. ' i"

i. inchfor-mountlnghardware, The allowablestressforaluminum_r_.,bothtensionand . i

..... - -i 9" '_....,, , },

1964008194-022
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ii ,compression is based on a reduction of the yield strength cf 6061-T6 aluminum

from 35 kips/sq, in. caused by the localized heating effects of weiding; The

allowable stressforthe mounting hardware is based on the ultlmatetensile
: strengthof SAE grade 5 hardware up to 3/4 of an incl_in,dlameter_.

w

The firstconsideration:isthatof tbe mast under'stowed conditions. In

this case the stress in the extleme fiber of the tubing was considered to be due

to the weight Of the element and halfinch ice in addition-to'thebending moment

caused by the wind loading. Column buck, ling is neglected based on the

assumption that the ice load is self ,Supporting altl%ough .itis ,not considered to

assist in the stress distribution. The latter assumption reSulJ;s in a condition

which appears more severe than the actual condition, The inaximum stress in the

extreme fiber was determined by the expre0slon

iI _ W Prs•-----+---- ,,(16)

,,"-'' i r

where W- iS the £otalweight, A is the cross sectionarea of the stresN;.",-_',_Tber,
Fr is thebending moment due _o wlnd 1oadlngand S is theseotlo"/">_:>:-"'_,,,e'-,2:: ,"he

stressed member. The first termin Equat/,_n (16) expresses (,_?' ,-" :b '_

._ extreme fiber due to axial loading while the second term provi_,_ ","'.... 7 '
moment. By inspection of Figure 2 it is apparent _:hat the points :_c_br- p _,,_ ed
are tl_e joints of the different it, be diameters. These are .the pointr, _:,_,"::' ".ght
andbending moments-are maximum for each member. The tnfermatlot_: .. _,_.,.... :

4, 0 Was used to compute the str'eg_s-and safety fad,tots in the tab:- b._e';!_#. -

' 'b 6" Dla _

, :. . _ _'_yl

:  iallo d(Ib . ' • 2 6 "
Bendlngmoment 3500 Z0320 36625 . ,_'

' (in.-lbs. ) -,.

i " 8tress(pair) ,3297 0880 7683 _-,
_! 8.F° 30 96 "i'i _6 i%69 ._[

"_ Thus the lowest safetyfactorof 1 69 is at the Junctionof the,4-1/2 and 6-h%_,h :,
: mast sections. ,,' ,: '" ' .

7"'7"_"

: The following evaluati6n i_ that of the mast mounting 'hatdwar_ d(iri_g ,
. crowed conditions. In thiscase onky thebending moment was rcol_sldered_ecause
i ,.: : itis the only %enslon9roduclng:i_6rce,AS sh0_vni-n?Igure,_the,mas,_::i_'mounted

t- by eight B/8 inch diameter bolts, For calculating thema_lmum_load th_ .mas_, was

i considered to 5e mounted by two sets of four _/8 inch d_amete_ _io[*,__,,,_at right ' i["

o
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angles with e@,gh bolt pattern taking a vector portion of ,the total load depending on
the d_rection of the wind. To assume the worst case, it was considered that one

" set had no load while the other bore the maximum load. This assumption was made ::,
., to simplify the calculations, but of course results in a load greater than the actual, -:

Thus, the 42, '90 in. -lbs, moment produced by the wind on the mast and cavity re- --
i sults in a 3740 pound load per bolt. To determine the 3afet., factor allowance made _@r

for the initial stresses due to the setting of the bolt, two me'hods were investi- ,

gated, The latter indicated that the pre-stressing on this size of bolt is:the greater
contributing factor. The first analysis was based on the formula 1}

J

g

Working load = 120, 000 (, 55d z - . ZSdZ}, (17)

C,

where d is the diameter of the bolt and LZ-0,000 is the allowable stress, From

this equation then the allowable load for a 5/8 inch bolt is 7200 pounds which
provides a safety factor of 1.92. The second approach was to use the pre-stress

factor of 1.6,000 pounds per inch of bolt diameter Z): This provides an initial load
of i0, 000 pounds which produces a total stress of 83, g00 pounds per square inch
on the bolt. The safety factor based on this approach is then 1.76'.

The next consideration is the mast under operational conditions. As in
the stowed condition,the maximum' stressis due to both the axialand transverse
loads which in th_scase includes the axialload due to translationand the bend-

ing moment due to rotational deceleration as shown in Figure 8. Also, as before, ._,[._:.
the points considered are the weldments of the %ubes of different diameters, The _,

expression used for the total stress is "i

s=_ A 8

,where P is the forcedue to the wind, W is the totalweight, a is the angular'
accele_ation, r is the distances from the y axis to the c,g. and I is the moment I'
of inertia abou£ the point being considered. The following summary presents the
calculated data used in Equation (,18} toarrive at the maximum stress for the three

I. ErikOberg and F.D. _ones, "Machlnery's Handbook", 1946/
2. LionelS. Marks, "Mechanical Engineers'Handbook',',McGraw-Hill Book

Company, ][no,,1941. ., ,

[

,, !i
,' , . .. .; -22- i_
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Figure 8. Free Body Diagram, Hast: ' ?;
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indivtdu_l tube diameters. *

Ti_bin.g, S tZ_____e..
2

.Pp_qrameter 3.5" did. 4. 5" did 6" dia. "-

: W fibs,) " 37.Z 96.4 168

F (Ibs.) 'ZO.4 sln_+ 30.6 cos_ 49 sln;_+ 61 cos_ 7Z sin_+ 84 cos
W/_Z ar

(lbs,) . 34.4 _ 156
Max. axialload (Ibs. 86 ZZ5 355
I (slu¢-ft.Z) 14.I Z35 640 .
Max. stress 476 Z899 4304 -,'
S.F. 27.3 4.5 3.OZ

"The minimum safety factor In thl_ instance occurs at thebase of the mast,

Next; consideration is givemto the mast mounting hardware under _perational i
conditions. Using the same approach as in the stowed condition the load per bolt : -
was calculated to be 181)0 pounds, This lend'is the result of bending moments

exerted by the wind on the mast-and cavity. Superimposed on the-stress due to " '_

.. transvers loading is a 355 'pound axiel load wl_i_h is divided equally between, the I"-"

eight bolts; The total resultant iced is 1890' pounds per bolt. The worktn_ load
of-7Z00 pounds, as detet_mtned by Equation 1i71, is used, a safety factor of 3.8_s
realized. If the:previously estimated setting load of: !0,000 pounds, t_ .use4, the

safety" factor .may. be c0mP_tted as Z, 0, '-. !

In order t_) determine .the safety factor for the truss m0untifig hardware, t

..under st0wed.0ond_tions the truss was assumed to bg.mounted byonly the tOP and I
_ottomrows of bolts, Each row has four bolts which are 5/8 of an _noh in diameter.

The longer truss, wht0h suppo%-ts two masts9 was Selected for evaluation., Using 1)'. _he halfloads shown in Figur_9 and takingthe moments about point,C, the4oad

per bolt.was-calculated tc'_ 3877 pounds,. If allowances are made'for ti_e initial I/
Bolt stress, the safety factor may be o0mputed as either 1,9 or I. 8 ¢lepending on

': -, .which bo_t._ setting, criterion is .used. ,. _"t:.

The finalitem to be evaluatedis the truss. The longertruss",_Isselected _ ,_
: foranalysis, Figure9 shows the assumed ioad_ngunder stowed condRlons forone - ,, "

. slde.ofthe"truss,,,litis assumed thatthe two sides share the totalload equally" -",_

' : o, . land thatthe _ternal members have no load,,By lnspeotlon of Figure9 itis apparent i_
: :., thatthe.higheststressedmembers are eltherthose out by the seotlonlineor those. -,i:

' _ to the left Of the seoti'on l_ne, Themembers AD, BD, _B_ and CE form'a statically ')!,.

° indeterminatesystem, Hen.cestartingatthe sectionllnesimplifiesthe problem; _:-
" Thisapproach is demonstrated l,nFigure 9(b),wherethe sum Of the forcesin any. .,

dlreotlonmust:be _ero, With these threeequationsand the threeunknowns, the i"_.

m _

J
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force in each membsr can be determined, U_lng this technique the following
data was obtaincl.

•; DF 3537 (T) _ Z xZ X I/4,
GE : 1665(C) Z x Z x I/4

EF 944(C) I_.!/Zx I-,I/Zx 3/16 }.

Having obtainedthisdata the forceson the remaining members to the leftof the

sectionkinewere determined by the method of Jolntsfora plane truss. This
resultsin the highestloaded members of ,eachtype of angle being BE and AD. The
f011owingtabledescribesthe resultsobtained.*

Member 'AID BE

Load (Ibs.) 355Z (t) 964(t) :
Area (sq. in.) ..94 .53 ,

. Stress (psi) 3780 1820
S.F. 3.44 7.15

"z

.._ ' The safety factor for buckling is greater'since the welded joints are con-
sidered only to effect the-end pin conditions of the _ngle columns, Using an- end ,.,

factor of 0.75, "effective slenderness ratios"of ,77 and 72.4 were obtained. These
.. ratios were used to predict column strengths of 17, Z and I9, 7 _ips/sq, in, Since

these allowed buckling stresses are greater thari the 13 kip/sq, in, allowed for .-
the welded Joints it follows theft the safety factor in buckling is also greater,

This section o_ the 'report discusses the maximum defledtion and natural '..
frequeno Z of _he mast and backup structure,. The deflect,ton ( 6 ) and natural -_ -
frequency (f) are treated together because _,he•natural frequenoy_is 'determined from, ,.,_
the defleotiOn_ as shown -in the fol:lowing_formula for a cantilevo.red beam

I I,

3,89/8 " " (19): :

The l_west natural :freq6e_y is the one of interest° hex_oe the maxi.ium de fl,_otion
must be used_, _Al_o,since the natural frequency is only ol_oono,ern when used with
the pedest,a! the computations will be limited,tO 'operational.oonditl_msonly. The

'following equations to determine the natural frequency ofthe va',rious-nmstcom- _._ :_'._
ponen_ts were u_e'd " : _ _.

UniformLead: 6 _ (W + F)L3/SEI/'o.... , ,,,_
' ,., (z0) . "
% - . _,_

•' ' • " u
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r,

_r

: ,7 f ,,

Concentrated Load at h; _6 = (W +F) hz (3L-h)/6EI; (Zl) -

where "vVis the weight of the element, F is the force of the wind, L is the length '_

• of the member, E is the modules of elastioJty;I is the moment of inertia of the

: , cross sectlona'l_areaof the member and h is the distance from the mounting point
to the concentrated load, The condi'tionassumed to be the worst Case we_ with

_ a 45 mph wind but no ic e., This assumption was made on the basis that,
although the wei@ht would be increased by the weight of the ice, E end I would be

increased to an extent that the resulting deflection would be less, Furthermore,

even ifthe ice loading dld slightly lower the natural frequency, resultant vibrations

would cause the ice to drop from the structure thereby raising the resonant frequency

again. Using equations (!9) (ZO)and (21) the following results were obtained
i

" l , _ 3 5" dla _ 6':dish._.

Uniform load (Ibs. ) 17.4 41.3 60.6 :_

, Concentrated Iload 2"._Z Z. Z Z.Z

o (lbs.) l" : I

_ l ath=(in,) 68, 46, 23 and O II,34_56 Z7and49

-,. • and, 79 t

,_ Concentrated load 0 Z6. I 75. Z
(lbs.)

at h = L (ll_') 0 I01 60 "

(in.) • - O, 06 O.Z58 O. 056

f(cps ) i5.8 7.65 _I-6.4

"_ The deflection of %he truss under operating conditiOnS was determined by
the fermula

...... IZz)
: Z H

where L is the length of t_lhe truss, _L_r and _Lc ate the changes in length of the i
t_nslon and compresslon:members respectively and _ is the height of the truss.

,, The denLvatlon of th_s fO!ll!mUla 18 shown In Figure 19. The total ol_ange in length !
.of the two members was_ calculated by summing the changes in lengths for each

member shown in F_gur_.'.'ll.. Th_s flgure shows the load for each side of the truss J
under operation_l condiilflons.iThe change in length for each member in turn Is:_ _, -'

_ based On the Stress str_tn relationship I I_

whereEis the modti!ueJ_ofelasticity, F the load, A the area, L the'In_tlallength J

and A the change in l_Jng,th. The followipg tabulation presents the calculated _ I ']

-' o \ i
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, leads on each member and the resulting changes in length.
L'

: (I) (z)=
; Member L Load (l)_.x (2) ...... _ x 10 -4 "

.%

_,_ AD 10 1471 14710 _ 15:2,
DF , 20 1462 29240 30.2

FH 40 789 31560 32.,-6
" HI 40 404 16160 16.7

20 87 ,1740 1.8

; CE ,, I0 1665 , 1.6650 I7.2
BG 40 9Z0 ,, 36800 38.0

: GI 40 501 _ 20040 20, 7

,. IL 40 150 6000 6.0

Total 178, 4, x' 10-4

Thus, from equation (Z2) ..

178,4x 10 "4)5 = 130 ( :_.......... =.0583 in,
,2 20 ,,

,. Equation (I9) may now be used to calculatea naturalfrequencyof 16.7 cps.
c
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7.0 CONCLUSIONS r_ _'

This sectionwilldiscuss the resultsobtained in the previoussections )i
., relativeto the design goals set forthlh Sectionz.0. Table D presentsa sum- :i

mary of the data obtained in addition to some data not present in this report. :J

i. This latter data Was tabulated using the procedures described in this report: _J

Prior to discussing the individual results, it must be remembered that all calcu- -_-;
lations were for the worst practical conditions so that in each quantity expressed
there is some additional safety factor included. ;':!

The first item to be discussed is the required driving torque. The follow- "_
ing maximum driving torques were computed in this report:

,j

• Conditio.!p__n Max. Torque (ft. ibs. ) Posifio______n ?

_" No ice, no wind, maximum acceleration:' I 7,776 _ 0°
'No ice, 45 mph wind, maximum'acceleration: Z2,000 _ 45° i
I/4" ice, no wind, maximum acceleration: 34,IZ6 _ 0°
!/_4"ice, 45 mph wind, maximum acceleration:40,000 _ 39° :,

• . , _J

Square law curves may be:used to'interpolatefordrivingtorques fordifferenticiflg
-_and wind loading conditions. It should be noted that the above conditions are for L

the worst possible cases." While the cases are theoretically possible, they are -_

impractical from an operational viewpoint. This is simply because the time the
system will spend under these adverse conditi'ons is essentially negligible. An

,, average or RMS driving torque would probably be a more appropriate number to use.
• In any event itwould appear that themount would drive the antenna even under

,,the most adverse conditions if some of the ice loading is manually removed.
1

The only marginal resonant frequency that has been computed occurs in
the mast with maximum wind loading. This resonance becomes possible onlywhen
the wind is brQadside to the disc-on-rod elements and has a velocity of 45 mph.
For head-on winds or no'winds the minimum resonant frequency of the mast is 11

' cps, This resonant"condition _ouId be encountered during an operational period.

The question; of course, is the definition of that damage which might occur within
the sy§tem. The element safety factors are quite high and it is therefore not ex-
pected they wfl/_fail. The truss is overdesigned and, using pessimistic load

. figures, has b_en found to have a minimum resonance of 16.70ps. Since this
structure constitutes about 50 percen% of the system mass, it is also quite un-
likely that thedrive pedestal will be significantly affected by the resonance.

o (1. e,, The system resonance lies samewhere between 16.7 and 7.4 cps. ) con-
aequently, it is felt that the above-noted marginal resonance ina "worst oondi- ',
tion" environment will not significantly impair the system's operation.

Y

u

_t
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/

,k , ',

1964008194-035



TABLE D
.lr .

= _ad - 15__c/sgc, acceleration

:Weight :4475 Ibs, :
" Center of gravity from y axis 6.76 ft.

" Required driving torque 45 mph wind 40,000 ft. -lbs.
No wind 34, 1Z6 ft. -lbs.

I/Z Inch Ice .Load- I00 mph wind ,-stowe_d_d

Weight " 737Z Ibs.

Center of gravity from y axis 7. I ft.

Overturn moment about y axis 76,160 ft.-Ibs.

N_[9,oIce--I 5 deqree/sec/sec Acceflerat!on
%

., _ Weight 2482 ibs,

Center of gravity from y axis 6.Z7 ft.

Requireddrivingtorqr.e 45 mph Wind 2Z,O00 ft.-ibs.
NO wind 17,746 ft,-Ibs. : •

M_nlmum Natural Frequency

IMast 45 mPh Wlnd 7,7 cp's_

No wind 1I.0-_cps, Y
Truss ,, 16.7- cps,

_Minimum Safety;F,ac_ .-

. Mast - stowed _ 1.46 _ '" ,_
Mast _- operational S.0 :: ;i
Mast mounting hardware - stowed '" 1, 76 :_ _i

Truss - stowed , 3,44 ..... -
Truss mouT,_ting hardware - stowed 1.8 ' '°
Mast M0unttng Hardwar,e - operat!onal ' 2.0 ' ii_i_

• , [j!

¢ ,,

" i' _

i
%,,_4,

'_<' : ', '_x
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" The final area to be discussed is that of safety factors allof which ap-

pear satisfactory but a few deserve some comment. The I.46 S.F. shown for

the stowed mast occurrs at the junction of the 6.0 inch and 4.5 inch spars. In _

" the calculations, the effect of the ice in bearing some of the load was neglected _and not only mlqht this be a considerable factor, itis 9robably more realisticto

,assume that in the stowed condition the ice at the base has a greater cross

._ sectional area than that above it. Also, itshould be remembered that this is a i
compressive load and that the tension stress is less. The next two lowest safety

factors are also for the stowed condition, but are for mounting hardware. In both _
: of these cases all of the hardware was not considered to support the total loads _ _

and in addition the load was considered to be the totalof the initialload and the Ii
working load with the initial load being the greater. Also, an alternate _method
of calculation shows the mast mounting hardware under the stowed conditions to

" have a safety factor of 1.9Z rather than 1.76, As can be noted, the minimum "
cI , - , !'safety .aptors occur under the stowed conditions. Thus, if there is any concern _:

it might/be reasonable to provide guy lines in the stowed conditio:, whenever

there l_l/any possibility of exceeding the design requirements of 1 uO mph wind ,i_

veloi_es. |;"
!
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